Abstract
Introduction
Values and course of impulse loads emerging from the detonation of the explosive material or an improvised explosive device are described in the literature based on experimental studies and numerical analyses. Henrych [3] , Sadowski [11] and Kingery and Bulmash [6] describe, based on the experimental data, the equations describing the values of the peak pressure and an impulse for both the reduced mass and distance. For given parameters of the charge, the values of the peak pressure and the pressure impulse can vary significantly. In numerical analyses of the influence of the pressure impulse on the structure, different models can be used -a triangular wave load, point detonation load or ConWep approximation. In the case of ConWep approximation, there are used both pressure distribution determined based on experimental tests and implemented in ConWep software and an influence of this load on the considered element of the setup depending on its distance and arrangement in respect to the charge [2, 4] . In the triangular wave method, the peak values are equal to the peak pressure, and the area under the experimental curve is equal to the pressure impulse [13] . In the point detonation model approximation, the detonation process is not considered. It is only assumed that, in the initial time, in the small part of the volume, an emanation of energy occurs. The assumptions and conclusions regarding this model are presented in the studies of Taylor [15] , Sedov [12] and von Neumann [7] , who developed it independently. This model was then further developed by, among others, Staniukowicz [14] .
None of the described methods considers the influence of the shape of the explosive charge and its orientation in regards to the object to be impacted by the blast wave. Therefore, in this study, an analysis of the influence of the typical, cylindrical charges on the resulting blast wave's parameters along the given direction of propagation is presented. Blast waves created by the charges made of TNT and HMX are analysed. The heat of explosion is equal to 6 GJ/m 3 and 10.5 GJ/m 3 for the TNT and HMX, respectively [8] . A finite elements method with explicit integration as implemented by LS-Dyna software was used [4] . Calculations were carried out using the ALE approach, which allows for modelling fluid behaviour [8] . The used ALE method minimizes the problems caused by the advective members, which cause the artificial numerical dissipative processes [10] .
Description of the case
A scheme of the investigated case is shown in Fig. 1 . It presents an explosive material surrounded by the air domain. The edges of the domain were constrained with non-reflecting boundaries with constant pressure applied equal to atmospheric pressure. The domain was big enough for the wave to not reach the edge at the end of the numerical analysis. The detonation process was approximated using the program burn algorithms [1, 5] . This method is based on assessing the initial values characterizing the explosion as a velocity of detonation, a point of initiation, the blast wave front parameters (D -velocity of detonation, pCJ -pressure at ChapmanJouguet point, ρCJ -density in that point) and the equation detailing the behaviour of detonation results.
To calculate the pressure of the results of detonation, JWL equation was used (Jones, Wilkins, Lee) [9, 16] :
where: Parameters characterising the materials, their detonation process and the propagation process used in the calculations are presented in Tab. 1 and 2.
Results
Figures 2-6 show the shape of the blast wave resulting from detonation of explosive charges with different L/D ratios and with two different explosive materials -TNT and HMX. The pressure distributions are shown 0.2 ms after initiating the detonation of the charge. [16] In the case of the TNT, the influence of geometrical parameters of the charge on the blast wave is more pronounced, with greater pressure gradients of the wave depending on the direction of propagation. With the HMX charges, the influence is smaller. This leads to significant discrepancies with the classic, spherical distribution of pressure used in calculations with simpler models, which leads to significant divergences in the results. The most significant differences in peak pressure values (50.3% and 53% for 20 cm, respectively) occurred for the charge with L/D = 0.25 for both TNT and HMX.
Tab. 1. Constants for JWL formula
A non-spherical shape of the blast wave resulting from detonation of charges with low L/D ratio also results in higher velocity of the blast wave propagation along the axis of the charge than in the transverse direction ( Fig. 1-4 The blast wave resulting from detonation of the charges with a higher L/D ratio also blurs more rapidly, which leads to higher differences between peak pressures of the wave as the distance from the centre rises for both materials used in the experiment. The values of the drop between the 20 cm and 35 cm distance in the case of L/D = 0.25 is equal to 55% and 53% for TNT and HMX, respectively. With L/D = 1, the values are 67% and 68%. The highest drop occurs for L/D = 2, with 69% and 71% for TNT and HMX, respectively. 
Conclusion
The results of the experiments show a definitive need to accommodate the geometrical parameters of explosive charges during simplified modelling of blast wave impact resulting from explosive material detonation on structures. The conducted numerical analyses of explosive charges with a mass of 50 g, made of TNT and HMX and with L/D ratio from 0.25 to 2, suggest that the difference between pressure peaks can reach 300%. The velocity of wave propagation in air also changes depending on the angle and the analysed geometrical parameters. This also causes less dispersion of the pressure impulse, resulting in more severe damage caused to the structure during the impact.
